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$JDLQVWWKHEDFNGURSRIVKULQNLQJSURGXFWOLIHF\FOHVDQGWKH
GHVLUHIRUFXVWRPLVHGSURGXFWVLQGXVWULDOHQWHUSULVHDLPVWRFXW
WKHWLPHWDNHQWRUHDFKIXOOFDSDFLW\XWLOLVDWLRQLQSURGXFWLRQ
7KLV UHTXLUHV PXOWLSOH DQG IDVW SURGXFWLRQ UDPSXSV DV
SURGXFWVFKDQJHPRUHRIWHQ7KHUHE\WKHSURGXFWLRQUDPSXS
GHVFULEHV WKH SKDVH EHWZHHQ WKH HQG RI WKH SURGXFW
GHYHORSPHQWDQGWKHIXOOFDSDFLW\SURGXFWLRQ>@'XULQJUDPS
XS WKH SURGXFWLRQ V\VWHP¶V EHKDYLRXU LV QRW SUHGLFWDEOH DV
VLWXDWLRQVDUHDULVLQJIRUWKHILUVWWLPH>@,QDXWRPDWLRQWKLV
OHDGV WR H[FHSWLRQDO VLWXDWLRQV WKDW GLVUXSW WKH UDPSXS DQG
UHTXLUHDQDGDSWLRQRIWKHV\VWHP7KHUHIRUHIOH[LEOHDQGHDVLO\
DGDSWLYH DXWRPDWLRQ LV QHFHVVDU\ >@ &\EHUSK\VLFDO
SURGXFWLRQV\VWHPV &336DUHDSRVVLEOH VROXWLRQ IRU IXWXUH
PDQXIDFWXULQJV\VWHPV>@7KH\KDYHWKHFDSDELOLW\WRLQWHUDFW
ZLWKWKHSK\VLFDOHQYLURQPHQWDVZHOODVWKHGLJLWDOZRUOG>@
EHDZDUHRILWVLGHDOSHUIRUPDQFHEHDEOHWRPHDVXUHLWVFXUUHQW
SHUIRUPDQFHDJDLQVWWKDWRIWKHLGHDODQGEHDEOHWRDGDSWLWV
DFWLRQVIRULPSURYLQJLWVEHKDYLRXU>@+RZHYHUVXFK&336
QHHGV D FRQFHSW IRU VHOIOHDUQLQJ DV LW HQDEOHV UHODWHG
VXEV\VWHPV±UHIHUUHGWRDV&336DJHQWV±WRDGDSWWRXQNQRZQ
VLWXDWLRQVRQWKHLURZQ
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FRQWURO VWUDWHJ\ IURP WULDO DQG HUURU LQWHUDFWLRQV ZLWK WKH
FLUFXPIOXHQWZRUOG7KHVHZLOOEHHYDOXDWHGDQGVXEVHTXHQWO\
LQWHJUDWHGLQWRWKHFRQWUROVWUDWHJ\IRUIXWXUHEHKDYLRXU
,Q WKH IROORZLQJ FKDSWHUV ZH LQWURGXFH WKH JHQHUDO
DUFKLWHFWXUHRIDVHOIOHDUQLQJ&336DJHQWWKHQZHSUHVHQWWKH
VWDWH RI WKH DUW DVSHFWV RI UHLQIRUFHPHQW OHDUQLQJ DQG
VXEVHTXHQWO\SUHVHQWDQDSSURDFKWRVHOIOHDUQLQJIRUD&336
DJHQW )LQDOO\ ZH VKRZ WKH SRWHQWLDO RI VXFK DQ DSSURDFK
ZLWKLQ VHYHUDO VLPXODWHG UDPSXS SURFHVVHV RULHQWDWHG WR
DVVHPEO\V\VWHPVXQGHUIORZFRQGLWLRQVFI)LJXUH
)ORZDVVHPEO\FRXOGUHGXFHDVVHPEO\WLPHE\DVPXFKDV
 >@ WKRXJK LW UHTXLUHV FRPSHQVDWLRQ IRU WKH G\QDPLF
LQIOXHQFHVRIWKHFRQWLQXRXVO\PRYLQJSDUWVHVSHFLDOO\LQWKH
FDVH RI ODUJHVFDOH SDUWV ,Q WKH VFHQDULR D URERW KDV WR
DVVHPEOH DZLQGVFUHHQ RQ DPRYLQJ WUXFN XVLQJ DQ H[WHUQDO
UHIHUHQFHV\VWHP±WKHL*361LNRQ0HWURORJ\±WRVHQVHWKH
SRVLWLRQRIERWKWKHURERWDQGWKHWUXFN'XHWRDQRQVWDWLRQDU\
VHWXSWKHDVVHPEO\SURFHVVUHTXLUHVWKHV\QFKURQLVDWLRQRIWKH
URERWDQGWKHPRYLQJWUXFN7KLVJHWVPRUHGLIILFXOWDVWKHWUXFN
EHJLQV WR RVFLOODWH LQ PRWLRQ )XUWKHUPRUH WKH VHWXS LV
FKDUDFWHULVHGE\DORQJWROHUDQFHFKDLQFRPSRVHGRIWROHUDQFHV
LQ WKHPHFKDQLFDO VWUXFWXUH RI WKH URERW WKH SHUFHSWLRQ WKH
DFWLRQH[HFXWLRQDQGWKHSURGXFW7KHUHIRUHSUHSURJUDPPLQJ
D V\QFKURQLVHG PRYHPHQW LV GLIILFXOW WR DFKLHYH $Q RQOLQH
DGDSWLRQRIWKHSURFHVVLVDOVRGLIILFXOWDVWKHH[WHUQDOUHIHUHQFH
V\VWHPKDVDKLJKODWHQF\WLPHaVHFRQG+RZHYHUXVLQJ
WKHFRQFHSWRIDVHOIOHDUQLQJ&336DJHQWWKHURERWOHDUQVDQ
HQGWRHQG FRQWURO VWUDWHJ\ WKDW HQDEOHV D V\QFKURQLVHG
PRYHPHQW 7KHUHE\ DOO UHODWHG G\QDPLFV LH WKH PRYLQJ
WUXFNDQGWKHORQJWROHUDQFHFKDLQDUHFRQVLGHUHGZKLFKDUH
DVVXPHGWREHUHFXUULQJIRUWKHSXUSRVHRIWKLVSDSHU
 $UFKLWHFWXUHIRUVHOIOHDUQLQJ&336DJHQWV
0XFKUHVHDUFKKDVEHHQGRQHRQPRGHOEDVHGDSSURDFKHV
WKDWFRQWURODQDJHQW¶VEHKDYLRXU7KLVDSSURDFK UHGXFHV WKH
VHDUFK VSDFH RI DQ DJHQWV¶ EHKDYLRXU E\ LQWHJUDWLQJ SULRU
NQRZOHGJHLQWRWKHGHFLVLRQPDNLQJSURFHVV$VDQH[DPSOH
DXWRQRPRXV URERWV SODQ WKHLU EHKDYLRXU EDVHG RQ D ZRUG
PRGHOE\WDNLQJWKHNQRZOHGJHRIXQFHUWDLQW\LQVHQVLQJDQG
DFWLQJ LQWR DFFRXQW >@ +RZHYHU GXULQJ UDPSXS WKLV
NQRZOHGJHLVQRWDYDLODEOHDVWKHVLWXDWLRQVDUHDULVLQJIRUWKH
ILUVW WLPH ,Q FRQWUDVW VHOIOHDUQLQJ &336DJHQWV DUH DEOH WR
GHDO ZLWK VXFK XQNQRZQ VLWXDWLRQV 7KH\ RSWLPLVH WKHLU
EHKDYLRXU UHJDUGLQJ H[WHUQDO IHHGEDFN ZLWKRXW WKH QHHG IRU
PRGHOV
$V SRLQWHG RXW LQ )LJXUH  D VHOIOHDUQLQJ &336DJHQW
UHTXLUHVWKUHHFRUHFRPSRQHQWV

x 3ROLF\
x 3ROLF\HYDOXDWLRQDQGLPSURYHPHQW
x ([WHUQDOUHZDUG

7KHSROLF\ LV WKH GHFLVLRQ IXQFWLRQ RI DQ DJHQW¶V EHKDYLRXU
ZKLFKPDSVDQREVHUYHGVWDWHWRDQDFWLRQ7KLVSURFHVVFDQEH
GLVFUHWH RU FRQWLQXRXV WKHUHIRUH WKH 0DUNRYDVVXPSWLRQ LQ
ZKLFKWKHREVHUYHGVWDWHVSDFHUHSUHVHQWVWKHZKROHKLVWRU\RI
WKH&336DJHQWLVFRQVXOWHG>@$VHOIOHDUQLQJ&336DJHQW
VKRXOG EH FDSDEOH RI SURGXFLQJ D EURDG UDQJH RI SURGXFWV
7KHUHIRUHWKHSURFHVVLVFDUULHGRXWKLHUDUFKLFDOO\DQGVZLWFKHV
WRDVXLWDEOHEHKDYLRXUILWWLQJWKHFRQWH[W7KHFRQWH[WLVHLWKHU
GLUHFWO\FRPPXQLFDWHGRUHVWLPDWHGEDVHGRQWKHFXUUHQWVWDWH
ZKLFKDOORZVWKHSURFHVVWREHXVHGLQWKHSURGXFWLRQRIPXOWL
YDULDQWSURGXFWVLQSDUWLFXODU7KHSROLF\HYDOXDWLRQFKHFNVWKH
FXUUHQWSHUIRUPDQFHRIWKHSROLF\ZLWKUHVSHFWWRDQH[WHUQDO
UHZDUGZKHUHDVWKHSROLF\LPSURYHPHQWRSWLPLVHVWKHSROLF\
ZLWKWKHREMHFWLYHRIPD[LPLVLQJWKHHVWLPDWHGIXWXUHUHZDUGV
7KHUHZDUGVDUHDVVLJQHGE\HQWLWLHVZLWKLQWKHHQYLURQPHQW
OLNHWKHSURGXFWDQRWKHU&336DJHQWRUDKXPDQIRULQVWDQFH
+RZHYHUZLWKLQUDPSXSD&336DJHQWQHYHUNQRZVZKDWWKH
UHZDUGZLOOEHH[DFWO\VRSROLF\LPSURYHPHQWLVVROHO\EDVHG
RQWKHHVWLPDWLRQH[SODLQHGODWHU
7KLV VRFDOOHG UHLQIRUFHPHQWOHDUQLQJ IUDPHZRUN LV D
QDWXUDOO\LQVSLUHGFRQFHSWWKDWIDFLOLWDWHVEURDGXVHDFURVVDOO
V\VWHPVZKLOVWKDYLQJWKHFDSDELOLW\WRDFWDQGREVHUYH >@
7KLV DSSURDFK RSHUDWHV ZLWKRXW DQ\ UHOLDEOH FRPPXQLFDWLRQ
FKDQQHOV WR KXPDQV RU RWKHU V\VWHPV :KLOH WKH SROLF\
LPSURYHPHQW FDQ EH VXSSRUWHG E\ LQIRUPDWLRQ SURYLGHG E\
RWKHUF\EHUV\VWHPVWKHVHOIOHDUQLQJ&336DJHQWGRHVQRW
QHFHVVDULO\UHTXLUHWKLVLQIRUPDWLRQ
)LJ$VVHPEO\XQGHUIORZFRQGLWLRQV
)LJ6HOIOHDUQLQJ&336DJHQW
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7DNLQJ WKLV LQWR DFFRXQW ZH WDNH D GHHSHU ORRN LQWR WKH
FKDOOHQJHV IDFLQJVHOIOHDUQLQJ&336DJHQWV LQ WKLV ILHOGDQG
UHYLHZWKHVWDWHRIUHLQIRUFHPHQWOHDUQLQJ

 5HLQIRUFHPHQW/HDUQLQJ
7KHJRDORIUHLQIRUFHPHQWOHDUQLQJLVWRPD[LPLVHWKHIXWXUH
H[SHFWHGUHZDUGE\DGMXVWLQJWKHSROLF\7KHUHIRUHWUDGLWLRQDO
UHLQIRUFHPHQW OHDUQLQJ PHWKRGV LH 4/HDUQLQJ >@ WU\ WR
HVWLPDWH WKH H[SHFWHG ORQJWHUP UHZDUGV RI D SROLF\ ZLWK D
VSHFLILFYDOXHIXQFWLRQ7KHYDOXHIXQFWLRQTXDQWLILHVWKHXWLOLW\
RI DQ DFWLRQ LQ D VWDWH IXQGDPHQWDO WR WKH GHFLVLRQPDNLQJ
SURFHVV +RZHYHU DSSO\LQJ WUDGLWLRQDO YDOXHIXQFWLRQEDVHG
DSSURDFKHVWXUQHGRXWWREHGLIILFXOWLQKLJKGLPHQVLRQDOVWDWH
DFWLRQVSDFHVDVLWLVQHFHVVDU\WRILOOWKHFRPSOHWHVWDWHDFWLRQ
VSDFH ZLWK GDWD ,Q FRQWUDVW SROLF\VHDUFK PHWKRGV
LPPHGLDWHO\ OHDUQHG D SDUDPHWULVHG SROLF\ ZLWKRXW XVLQJ D
YDOXHIXQFWLRQ>@
,QJHQHUDOSROLF\VHDUFKPHWKRGVDUHGLYLGHG LQWRPRGHO
IUHH DQG PRGHOEDVHG PHWKRGV >@ 0RGHOIUHH PHWKRGV
XSGDWH WKH SROLF\ GLUHFWO\ EDVHG RQ D VWDWHDFWLRQUHZDUG
VDPSOH0RGHOEDVHGDSSURDFKHV WU\ WR OHDUQ IURPDGGLWLRQDO
PRGHOVWKDWGHSLFWWKHG\QDPLFVRIWKHHQYLURQPHQW,QGRLQJ
VRDSUHGLFWLRQRIWKHHQYLURQPHQW¶VUHDFWLRQFDQEHFRQVLGHUHG
ZKHQ SODQQLQJ DQ DJHQW¶V EHKDYLRXU $FWXDOO\ PRGHOEDVHG
PHWKRGVUHTXLUH IHZHU LQWHUDFWLRQVZLWK WKHHQYLURQPHQWDQG
HIILFLHQWO\ JHQHUDOLVH XQH[SHFWHG VLWXDWLRQV >@ WKRXJK WKH
OLPLWDWLRQV LPSRVHG DV D UHVXOW RI LWV GHSHQGHQF\ RQ TXDOLW\
OHDUQHG PRGHOV DUH NH\ GLVDGYDQWDJHV RI WKLV PHWKRG
,QDFFXUDWHOHDUQHGPRGHOVFDQWKHUHIRUHOHDGWRSROLFLHVWKDWDUH
QRWLPPXQHWRPRGHOHUURUV>@
7KHLGHDEHKLQGDSROLF\VHDUFKLVWROHDUQSDUDPHWHUVRID
SDUDPHWULVHG SROLF\ 7KHUHIRUH D SROLF\ UHSUHVHQWDWLRQ LV
UHTXLUHG WKDW ILWV WR WKHDJHQWV¶ WDVN$QXPEHURIDSSOLFDEOH
WRROV DUH DYDLODEOH >@ UDQJLQJ IURPDGDSWLYHGLVFUHWLVDWLRQ
>@DQGIXQFWLRQDSSUR[LPDWLRQV>@WRPDFURDFWLRQV>@
7KHPRVWFRPPRQO\XVHG UHSUHVHQWDWLRQVDUH OLQHDUSROLFLHV
UDGLDO EDVLV IXQFWLRQ QHWZRUNV DQG G\QDPLF PRYHPHQW
SULPLWLYHV>@'\QDPLFPRYHPHQWSULPLWLYHVDUHFRPPRQO\
XVHGWRUHSUHVHQWFRPSOH[PRWRUWDVNVOLNHFRQWUROOLQJDURERW
>@7KHUHE\HDFKG\QDPLFPRYHPHQWSULPLWLYHLVDQRQOLQHDU
G\QDPLFV\VWHPWKDWLVXVHGWRJHQHUDWHGLIIHUHQWYDULDWLRQVRI
WKHRULJLQDOPRYHPHQW$VDFRQVHTXHQFHDURERW±RUPRUH
VSHFLILFDOO\ D &336DJHQW ± FDQ JHQHUDOLVH D PRYHPHQW
GHSHQGLQJRQWKHQHZVLWXDWLRQ>@
%DVHG RQ WKH VWDWH RI WKH DUW WHFKQRORJ\ XVHG LQ
UHLQIRUFHPHQW OHDUQLQJ WKH IROORZLQJ FKDSWHU SUHVHQWV DQ
DSSURDFKIRUDOHDUQLQJ&336DJHQW

 6HOIOHDUQLQJ&336DJHQW
,Q SURGXFWLRQ OHDUQLQJ JHWV FKDOOHQJLQJ DV WKH VWDWH DQG
DFWLRQ VSDFH LQFUHDVHV >@ :KLOVW ELQDU\ RSHUDWLRQV OLNH
RSHQLQJRUFORVLQJDVLQJOHYDOYHFDQEHOHDUQHGE\4/HDUQLQJ
FRQWLQXRXVRSHUDWLRQVUHTXLUHDGYDQFHGFRQFHSWV2IWHQ&336
DJHQWVFRQVLVWRIDVHWRIPRWRUVDQGDPHFKDQLFDOVWUXFWXUHWKDW
OLQNVWKHPRWRUV7KH\KDYHWRIXOILODWDVNE\LQWHUDFWLQJZLWK
WKHHQYLURQPHQWXVLQJJRDORULHQWDWHGEHKDYLRXU+RZHYHULQ
UHJDUGV WR SURGXFWLRQ UDPSXS ZH DVVXPH WKH PHFKDQLFDO
VWUXFWXUHDQGWKHSURGXFWDVXQNQRZQ,QVWHDGWKH&336DJHQW
OHDUQV PRWRU VNLOOV WKDW FRQVLGHU HYHU\WKLQJ UHODWHG WR WKH
PHFKDQLFDOVWUXFWXUHWKHSURGXFWDQGRWKHUHQWLWLHVZLWKLQWKH
HQYLURQPHQW7KHVHPRWRUVNLOOVGHILQHDQDFFHOHUDWLRQSURILOH
IRUHDFKPRWRU%\VHOIDGMXVWLQJWKHDFFHOHUDWLRQSURILOHWKH
&336DJHQWLVDEOHWRFKDQJHLWVEHKDYLRXUDQGKHQFHOHDUQD
WDVNVROHO\EDVHGRQH[WHUQDOIHHGEDFN
:LWKLQ WKLV FKDSWHU ZH LQWURGXFH WKH FRQFHSW RI VHOI
OHDUQLQJ&336DJHQWV$VRXWOLQHGLQ)LJXUHZHILUVWH[SODLQ
WKHSROLF\DQGWKHQWKHSROLF\HYDOXDWLRQDQGLPSURYHPHQW
 3ROLF\
7KHDIRUHPHQWLRQHGPRWRUVNLOOVQHHGWREHUHSUHVHQWHGDVD
SROLF\&RQVLGHULQJWKHJRDOVRID&336DJHQW±WKHUHDOLVDWLRQ
RI D WDVN VLPSO\ E\ IROORZLQJ D VXLWDEOH WUDMHFWRU\ ±ZH XVH
G\QDPLF PRYHPHQW SULPLWLYHV DV D UHSUHVHQWDWLRQ RI WKH
UHOHYDQW SROLFLHV 7KH SROLF\ FRQVLVWV RI RQH G\QDPLF
PRYHPHQWSULPLWLYH'03IRUHDFKGHJUHHRIIUHHGRPWKDWWKH
&336DJHQWDFKLHYHV FI HTXDWLRQ ,Q VXFKD'03ݕDQG
ݕሶ DUHWKHVWDWHYDULDEOHVPRWRUDQJOHVDQGYHORFLWLHVDQGݕሷ WKH
DFWLRQYDULDEOHDFFHOHUDWLRQRIWKHPRWRU>@
ð WWED [I\\J\ \\    
7KHUHLQ WKH ILUVW WHUP UHSUHVHQWV D FULWLFDOO\ GDPSHG OLQHDU
V\VWHP ZLWK FRUUHVSRQGLQJ FRQVWDQWVߙ௬ ߚ௬ DQG WKH JRDO݃
7KHJRDOGHVFULEHVWKHWDUJHWRIWKHPRYHPHQW7KHSDUDPHWHU
߬  LV D WLPHVFDOLQJ IDFWRU WKDW HQDEOHV WKH VSHHG RI WKH
PRYHPHQW WR EH DGDSWHG7KH ODVW WHUP݂ሺݔሻ UHSUHVHQWV WKH
IXQFWLRQWKDWHQDEOHVGLIIHUHQWYDULDWLRQVRIWKHWUDMHFWRU\WREH
FDOFXODWHG 7KH IRUFLQJ IXQFWLRQ LV FRPSRVHG RI ZHLJKWHG
*DXVVLDQEDVLVIXQFWLRQV

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ZKHUH߰௜ሺݔሻDUHWKH*DXVVLDQEDVLVIXQFWLRQVDQGZWKHZHLJKW
YHFWRU ZKLFK LV FRPSRVHG RI ZHLJKWLQJV ߱௜  7KH EDVLV
IXQFWLRQVGHSHQGRQ WKHSKDVHYDULDEOHݔZKLFK UHSUHVHQWVD
VWDWHLQDFDQRQLFDOV\VWHP7KLVFDQRQLFDOV\VWHPLVVKDUHGE\
DOOGHJUHHVRIIUHHGRPVRWKDWPRYHPHQWVRIPXOWLSOH'03V
FDQEHV\QFKURQLVHG7KHFDQRQLFDOV\VWHPKDVWKHIRUPRIݔሶ ൌ
െߙ௫ݔ߬  ZKHUHLQ ݔ଴ ൌ ͳ DW WKH EHJLQQLQJ RI D PRWLRQ DQG
DIWHUZDUGVLWGHFUHDVHVWRZDUGV]HUR7KLVFKDUDFWHULVWLFHQVXUHV
WKH VWDELOLW\RI WKH'03)LQDOO\ WKHHOHPHQWVRI WKHZHLJKW
YHFWRUGHVFULEHWKHDFFHOHUDWLRQSURILOHDQGWKHUHIRUHLQGLUHFWO\
WKHVKDSHRIWKHPRYHPHQW
,Q RUGHU WR OHDUQ D SROLF\ WKH &336DJHQW QHHGV WR DFTXLUH
NQRZOHGJHDERXWWKHSHUIRUPDQFHRIGLIIHUHQWSDUDPHWHUVHWVș
FKRVHQWREHDGMXVWDEOHLQWKHSROLF\,QUHLQIRUFHPHQWOHDUQLQJ
WKH DJHQW H[SORUHV WKH VLWXDWLRQE\SHUIRUPLQJ WULDODQGHUURU
LQWHUDFWLRQV ZLWK WKH HQYLURQPHQW 7KHUHIRUH D *DXVVLDQ
GLVWULEXWLRQ RYHU WKH SROLF\ SDUDPHWHU VHW ș LV XVHG
&RQVHTXHQWO\WKH&336DJHQWFKRRVHVDFWLRQVLQDVWRFKDVWLF
60   Philipp Ennen et al. /  Procedia CIRP  51 ( 2016 )  57 – 62 
PDQQHUDQGVXEVHTXHQWO\H[SORUHVWKHSHUIRUPDQFHRIGLIIHUHQW
SDUDPHWHUYDOXHV
 3ROLF\(YDOXDWLRQDQG,PSURYHPHQW
)LJXUH  SUHVHQWV WKH RYHUDOO OHDUQLQJ SURFHGXUH ,W LV DQ
HSLVRGLF VROXWLRQ ZKHUH OHDUQLQJ WDNHV SODFH DIWHU HDFK
H[HFXWHG'03EDVHGRQFROOHFWHGVDPSOHV,WEHJLQVZLWKWKH
HYDOXDWLRQ VWHS ZKHUH VDPSOHV RI SROLF\ SDUDPHWHUVࣂ DQG
UHFHLYHG UHZDUGV ܴሺࣂሻ DUH HYDOXDWHG E\ HSLVRGLF UHODWLYH
HQWURS\SROLF\VHDUFKIRUSDUDPHWHUGLVWULEXWLRQV5(36DQG
VXEVHTXHQWO\WUDQVIRUPHGWRDZHLJKWLQJPDWUL[&RQVHTXHQWO\
WKH DJHQW LPSURYHV WKH ROG SROLF\ EDVHG RQ WKH ZHLJKWLQJV
7KHUHIRUHZHXVHZHLJKWHGPD[LPXPOLNHOLKRRGDVSURSRVHG
E\>@
7KHDLPRI5(36LVWRREWDLQSDUDPHWHUVࣂIRUDSROLF\ߨWKDW
PD[LPL]HV WKH H[SHFWHG UHZDUG ZKLOVW OLPLWLQJ LQIRUPDWLRQ
ORVVE\UHODWLYHHQWURS\>@'XULQJH[HFXWLRQRIWKHSROLF\
ߨ  WKH DJHQW UHFHLYHV D VFDODU UHZDUGܴሺࣂሻ  ZKLFK FDQ EH
XQGHUVWRRGDVDIXQFWLRQRIWKHDGMXVWDEOHSROLF\SDUDPHWHUVࣂ
:LWKLQ WKHSROLF\HYDOXDWLRQDQGLPSURYHPHQWFI)LJXUH
5(36DGDSWVWKHPHDQDQGYDULDQFHRIWKHSROLF\SDUDPHWHUVࣂ
VR DV WR HQFRXUDJH WKH OLNHOLKRRG RI KLJKUHZDUG SDUDPHWHUV
EHLQJ VHOHFWHG LQ WKH IXWXUH $V SUHVHQWHG E\ >@ LW LV
IRUPDOLVHGDVDFRQVWUDLQHGRSWLPLVDWLRQSUREOHPZKHUHLQWKH
DYHUDJHG UHWXUQ FI HT  LV PD[LPLVHG E\ DGMXVWLQJ WKH
SDUDPHWHUVࣂ

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
)RUPXODULVDWLRQ HT  UHSUHVHQWV WKH .XOOEDFN/HLEOHU
GLYHUJHQFHWKDWFDOFXODWHVWKHLQIRUPDWLRQORVVEHWZHHQWKHROG
SROLF\ݍሺࣂሻDQGWKHQHZSROLF\ߨሺࣂሻE\WKHXSSHUOLPLWRIߝ
>@6XEVHTXHQWO\ HT  FRQVWUDLQV WKHRSWLPLVDWLRQ DV WKH
UHVXOWLQJ SDUDPHWHUV QHHG WR EH GLVWULEXWHG LQ D VWRFKDVWLF
PDQQHU DV ZHOO $ VROXWLRQ WR WKLV RSWLPLVDWLRQ SUREOHP LV
SUHVHQWHGLQ>@DQG>@

 (YDOXDWLRQ
:HDFKLHYHGWKHHYDOXDWLRQXVLQJDVLPXODWLRQWKDWGHSLFWV
DQDVVHPEO\OLQHXQGHUIORZFRQGLWLRQVDVSUHVHQWHGLQVHFWLRQ
 FI )LJXUH  7KHUHLQ FRPSHQVDWLRQ IRU WKH G\QDPLF
LQIOXHQFHVRIFRQWLQXRXVO\PRYLQJSDUWVLVUHTXLUHGHVSHFLDOO\
LQWKHFDVHRIODUJHVFDOHSDUWV%DVHGRQDQH[WHUQDOUHIHUHQFH
V\VWHPZKLFKPHDVXUHVWKHSRVLWLRQVRIWKHURERWDQGWKHSDUW
D VHOIOHDUQLQJ &336DJHQW OHDUQV D FRQWURO VWUDWHJ\ WKDW
IDFLOLWDWHVWKHV\QFKURQLVDWLRQRIWKHURERWDQGWKHPRYLQJSDUW
2XUVLPXODWLRQLVDWZRGLPHQVLRQDODEVWUDFWLRQRIWKLVVHWXS
ZKHUHZHFRQVLGHUWKHUDPSXSRIWKUHHGLIIHUHQWVFHQDULRV

 OLQNSODQDUURERWZLWKSURGXFW$
 OLQNSODQDUURERWZLWKSURGXFW$
 OLQNSODQDUURERWZLWKSURGXFW%

:LWKLQHDFKVFHQDULRD&336DJHQWOHDUQVPRWRUVNLOOVWKDW
V\QFKURQLVHV URERW PRWLRQV ZLWK WKH SURGXFW 7KHUHE\ WKH
DJHQWKDVQRSULRUNQRZOHGJHRIWKHURERWNLQHPDWLFVQRUWKH
SURGXFW G\QDPLFV EHLQJ IROORZHG7KH OHDUQLQJSURFHVV DQG
WKHUHVXOWLQJFRQWUROVWUDWHJ\ LVVROHO\EDVHGRQDSUHYLRXVO\
GHILQHGQXPEHURIFRQWUROODEOHPRWRUV
)RU WKH VLPXODWLRQ ZH QHHG WR LQWHJUDWH ERWK WKH VHOI
OHDUQLQJ&336DJHQWDQGWKHHQYLURQPHQWFI)LJXUH7KH
VHOIOHDUQLQJ&336DJHQW OHDUQV D URERW FRQWURO VWUDWHJ\ WKDW
XVHV WKH FRQFHSW SUHVHQWHG LQ WKH SUHYLRXV FKDSWHU 7KH
VLPXODWHGHQYLURQPHQWLVDPRGHORISURFHVVHVWKDWWUDQVIRUP
DFWLRQVLQWRSDLUVRIVWDWHDQGUHZDUG,QWKHIROORZLQJVHFWLRQV
WKHVHWXSRIWKHVLPXODWLRQLVGHVFULEHGLQPRUHGHWDLO
 &RQILJXUDWLRQRIVHOIOHDUQLQJ&336DJHQW
:LWKLQWKHVLPXODWLRQVFHQDULRWKH&336DJHQWQHHGVWRWUDFN
DPRYLQJSDUW7KHUHIRUH WKH VSHFLILF OHDUQLQJSDUDPHWHUVRI
WKHSROLF\QHHGWREHGHILQHG$VZHDVVXPHWKDWWKHILQDOJRDO
RI WKH PRYHPHQW LV QHJOLJLEOH LQ WKH FDVH RI V\QFKURQLVLQJ
PRYHPHQWVZHVHWWKH'03SDUDPHWHUV݃WRUDQGRPL]HGDQG
FRQVWDQWYDOXHV+RZHYHUDQDGMXVWDEOHWLPHVFDOLQJIDFWRUĲ
DQG DQ DGMXVWDEOH VKDSH RI WKH WUDMHFWRU\ UHSUHVHQWHG DV WKH
ZHLJKWYHFWRU Z HQDEOHV V\QFKURQLVHG PRYHPHQWV WR EH
OHDUQW:HVHWWKHQXPEHUVRI*DXVVLDQEDVLVIXQFWLRQVIRUHDFK
'03WRVR LQ WKHFDVHRI WKHOLQNURERWSDUDPHWHUV
KDYH WR EH OHDUQHG DQG LQ FDVH RI WKH OLQN URERW 
SDUDPHWHUV
 6LPXODWLRQRIHQYLURQPHQW
7KH VLPXODWHG HQYLURQPHQW LV FRPSRVHG RI D UHZDUG
IXQFWLRQWKDWLQGLFDWHVWKHXWLOLW\RIDQDFWLRQDQGWKHG\QDPLFV
WKDW WUDQVIRUP DQ DFWLRQ WR D QHZ VWDWH 7KH G\QDPLFV DUH
LPSOHPHQWHGDVDOLQHDUV\VWHPZKLFKWUDQVODWHVMRLQWDQJOHV
LQWR DQ HQGHIIHFWRU SRVLWLRQ EDVHG RQ FODVVLFDO IRUZDUG
NLQHPDWLFVIRUVHULDOURERWV>@$VDUHZDUGIXQFWLRQZHXVH
)LJ6LPXODWLRQRIDVVHPEO\XQGHUIORZFRQGLWLRQV
)LJ/HDUQLQJSURFHGXUH
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D WLPHGHSHQGHQW YLDSRLQW UHZDUG IXQFWLRQ7KLV IXQFWLRQ LV
FRPSRVHG RI SRLQWV ݌௥ǡ௧ ൌ ሺݔ௥ǡ ݕ௥ሻ௧்  ZKLFK DUH VROHO\
HYDOXDWHGLQWKHV\VWHPDVSDUWRIWKHUHODWHGWLPHVWHSݐ>@
7KHUHE\ WKHYLDSRLQW UHZDUG LVSURSRUWLRQDO WR WKHQHJDWLYH
VTXDUHGGLVWDQFHEHWZHHQWKHJRDOSRLQWDQGWKHREVHUYHGHQG
HIIHFWRUSRVLWLRQ݌்஼௉ ൌ ሺݔ்஼௉ǡ ݕ்஼௉ሻ்,QPRUHIRUPDOWHUPV
WKH UHZDUG LV FDOFXODWHG E\ ݎሺݐሻ ൌ െሺ݌்஼௉ െ ݌௥ሻ்ࡴሺ݌்஼௉ െ
݌௥ሻZKHUH+ LVDZHLJKWYHFWRUFRPSRVHGRI UHZDUG IDFWRUV
>@,QRXUFDVHZHVHWLWWRIRUWKHSRVLWLRQUHODWHGVWDWH
GLPHQVLRQV
7KHYLDSRLQWUHZDUGLVVHWDWSRLQWVZKLFKUHSUHVHQWVWKH
V\QFKURQLVDWLRQ JRDO IRU WKHPRYLQJ SDUW FI )LJXUH  JUH\
FXUYHV ,W LV FKDUDFWHULVHG DV D VLQHZDYH ZLWK WKH
FRUUHVSRQGLQJDPSOLWXGHܽ݉݌DQGWKHIUHTXHQF\݂,WVWDUWVDW
DWLPHVWHSRIݐ௦௧௔௥௧ ൌ ͵ͲDQGVWRSVDWݐ௦௧௢௣ ൌ ͸Ͳ7KHUHE\WKH
VLQHZDYHRVFLOODWHVDURXQGݕ ൌ ͳ7KHYDOXHVDUHVHOHFWHGLQ
D ZD\ WKDW WKH\ UHSUHVHQW D OLQH VWDUWLQJ DW ݔଷ଴ ൌ Ͳ DQG
VWRSSLQJDWݔ଺଴ ൌ ͳ)RUVFHQDULRZHVHWWKHV\QFKURQLVDWLRQ
JRDOWRDFKLUSVLJQDO)LQDOO\7DEOHJLYHVDQRYHUYLHZRIWKH
VHOHFWHGSDUDPHWHUVIRUWKHUHZDUGVHWWLQJVDQGDGGLWLRQDOO\LW
OLVWV WKH DVVRFLDWHG URERW FRQILJXUDWLRQV UHTXLUHG IRU WKH
FDOFXODWLRQRIWKHURERWG\QDPLFV

7DEOH6LPXODWLRQSDUDPHWHUVRIWKHHQYLURQPHQW
6FHQDULR ܽ݉݌ ݂ ݈݅݊݇ݏ௡௨௠௕௘௥ ݈݅݊݇ݏ௟௘௡௚௧௛
URESURG$    
URESURG$    
URESURG%  ±  

,QDQXWVKHOOWKHFKDUDFWHULVWLFRIWKHPRYLQJSDUWLVGHILQHG
E\DPSDQGIDQGWKHFKDUDFWHULVWLFVRIWKHURERWE\WKHQXPEHU
RIOLQNVDQGLWVOHQJWK
 6LPXODWLRQUHVXOWV
%DVHG RQ WKH VHWWLQJV SUHVHQWHG LQ 7DEOHZH VLPXODWHG
HDFK VFHQDULR WLPHVZLWK  WLPH VWHSV LQ HDFK HSLVRGH
$IWHU LWHUDWLRQV WKH OHDUQLQJVWRSSHGDQG WKHHYROXWLRQRI
WKHDYHUDJHUHZDUGZDVSORWWHGFI)LJXUH7KLVSORWVKRZV
WKHOHDUQLQJSURJUHVVDQGLQGLFDWHVWKHTXDOLW\RIWKHDFKLHYHG
VROXWLRQ FI )LJXUH  ERWWRP URZ 7KH DFKLHYHG WUDMHFWRU\
DIWHULWHUDWLRQVLVYLVXDOLVHGLQWKHXSSHUURZ
$IWHULWHUDWLRQVVFHQDULRUHDFKHGDQDYHUDJHUHZDUGRI
∙LQWKHFDVHRIDOLQNURERW0HDQZKLOHWKHURERW
H[HFXWHV D ILQH V\QFKURQLVDWLRQ ZLWK WKH PRYLQJ SDUW ,Q
VFHQDULR  D OLQN URERW RI D GLIIHUHQW VL]H UHSODFHG WKH
SUHYLRXVO\ PHQWLRQHG URERW ,Q WKLV FRQILJXUDWLRQ
V\QFKURQLVDWLRQ VWDUWV ZLWK D OLWWOH GHYLDWLRQ EXW DGDSWV
TXLFNO\$IWHULWHUDWLRQVDQDYHUDJHUHZDUGRI ∙
ZDVUHDFKHG6FHQDULRLVEDVHGRQWKHVDPHOLQNURERWXVHG
LQVFHQDULREXW WKHFKDUDFWHULVWLFVRI WKHPRYLQJSDUWKDYH
FKDQJHG6LPLODUWRVFHQDULRWKHV\QFKURQLVDWLRQEHJLQVZLWK
D OLWWOH GHYLDWLRQ DGDSWV TXLFNO\ EXW WKH GHYLDWLRQ LQFUHDVHV
WRZDUGVWKHHQG7KHDYHUDJHUHZDUGDIWHULWHUDWLRQVZDV
∙
6XPPDULVHG XVLQJ D UHODWLYH HQWURS\ SROLF\ VHDUFK WKH
OHDUQLQJ GXUDWLRQ QHFHVVDU\ WR FRQYHUJH DW WKH RSWLPXP LV
EHWZHHQDQGLWHUDWLRQV2IWHQWKLVRSWLPXPLVDVXLWDEOH
VROXWLRQ ,Q WKH FDVH RI WLPHGHSHQGHQW V\QFKURQLVDWLRQ
SUREOHPV FDQ RFFXU DW WKH EHJLQQLQJ DQG HQG RI
V\QFKURQLVDWLRQ EXW DGDSWLRQV FDQ EH TXLFNO\ FDUULHG RXW
GXULQJ WKH SURFHVV $ VWUDLJKWIRUZDUG VROXWLRQ ZRXOG EH DQ
DUWLILFLDO H[WHQVLRQ RI WKH WUDFNLQJ FXUYH ZLWKLQ WKH UHZDUG
IXQFWLRQVRWKDWWKHURERWZRXOGVWDUWDQGVWRSV\QFKURQLVDWLRQ
DW WKH FRUUHFW WLPH $V D UHVXOW RI FRQYHUJLQJ WR D ORFDO
RSWLPXP EHWWHU VROXWLRQV FRXOG EH IRXQG WR RWKHU OHDUQLQJ
DOJRULWKPVDVSURSRVHGLQ>@
)LJ6LPXODWLRQUHVXOWV7RSURZJRDOWUDMHFWRU\JUH\FXUYHPHGLDQDQGYDULDQFHRIOHDUQHGWUDMHFWRULHVEOXHFXUYH%RWWRPURZDYHUDJHGUHZDUG
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+RZHYHU WKLV VLPXODWLRQSURYHV WKH FRQFHSWRI VHOIOHDUQLQJ
&336DJHQWVEDVHGRQUHLQIRUFHPHQWOHDUQLQJZRUNV$OWKRXJK
WKH &336DJHQW KDV QR SULRU NQRZOHGJH RI WKH SURGXFW
EHKDYLRXUDQGWKHPHFKDQLFDOVWUXFWXUHRIWKHURERW LW OHDUQV
WKHPRWRUVNLOOVQHFHVVDU\WRIXOILOWKHGHVLUHGWDVN

 &RQFOXVLRQ
,Q WKLV SDSHUZHSUHVHQWHG D JHQHUDO DSSURDFK IRU D VHOI
OHDUQLQJ &336DJHQW EDVHG RQ UHLQIRUFHPHQW OHDUQLQJ DQG
GHPRQVWUDWHGLWLQWKUHHGLIIHUHQWUDPSXSSURFHVVHV8VLQJWKLV
DJHQW DQ DXWRPDWHG SURGXFWLRQ UDPSXS IRU DXWRPDWLRQ LV
HQDEOHGZLWKRXW DQ\SULRU NQRZOHGJH DERXW WKH HQYLURQPHQW
HJ PHFKDQLFDO VWUXFWXUH RI WKH V\VWHP DQG WKH SURGXFW
G\QDPLFV
+RZHYHU LQ D FODVVLFDO UHLQIRUFHPHQW OHDUQLQJ VHWXS WKH
DJHQW LV QRW DZDUHRI DQ\ FRQVWUDLQWV LQ WKH VWDWH VSDFH7KH
DJHQWGLVFRYHUVREVWDFOHVHJZDOOVE\UXQQLQJLQWRWKHPDQG
JDLQLQJDORZUHZDUG,QSURGXFWLRQV\VWHPVWKLVDVVXPSWLRQ
LVOHVVGHVLUDEOHDVWKHHQYLURQPHQWFRXOGEHGDPDJHG+DUG
FRQVWUDLQWVDVWKH\DULVHLQSURGXFWLRQPXVWQHYHUEHEURNHQ
DQG WKH\ UHTXLUH IXUWKHU UHVHDUFK RQ FRQFHSWV IRU FDXWLRXV
H[SORUDWLRQ
0RUHRYHU RIWHQ PDQ\ &336DJHQWV H[LVW LQ SDUDOOHO DQG
KDYHLQIOXHQFHRYHURQHDQRWKHU:LWKUHJDUGVWRWKHHYDOXDWLRQ
VFHQDULR D URERW QHHGV WR DVVHPEOH D SDUW RQ D FRQYH\RU
V\VWHP ,I ERWK WKH URERW DQG WKH FRQYH\RU V\VWHP DUH VHOI
OHDUQLQJ &336DJHQWV WKH RSWLPDO SROLF\ FKDQJHV DORQJVLGH
RWKHU &336¶ SROLFLHV DQG FRQVHTXHQWO\ OHDUQLQJ EHFRPHV
XQVWDEOH $V D UHVXOW H[SOLFLW FRRUGLQDWLRQ PHFKDQLVPV DUH
QHFHVVDU\,QJHQHUDOWKLVFRRUGLQDWLRQSUREOHPFDQEHVROYHG
E\HQVXULQJWKDWEHKDYLRXUDOSDWWHUQVDUHEURNHQE\DOO&336
DJHQWV LQ WKH VDPH ZD\ 7KLV UHTXLUHV IXUWKHU UHVHDUFK LQWR
VRFLDO FRQYHQWLRQV UROHV DQG FRPPXQLFDWLRQ VWUDWHJLHV
QHHGLQJ WR EH LQWHJUDWHG LQWR WKH VHOIOHDUQLQJ DJHQWV $V D
UHVXOWFRRUGLQDWHGOHDUQLQJRIFRRSHUDWLYHEHKDYLRXUVFDQEH
IDFLOLWDWHG
1HYHUWKHOHVV VHOIOHDUQLQJ &336DJHQWV FDQ UHDFW WR
FKDQJLQJ SURGXFWV SURGXFWLRQ HTXLSPHQW DQG SURFHVV
FRQVWUDLQWVDQGDUHDEOHWRFRSHZLWKH[FHSWLRQDOVLWXDWLRQVRQ
WKHLU RZQ ,Q FRQWUDVW WR PRGHOEDVHG FRQWURO WKH DSSURDFK
SUHVHQWHG HOLPLQDWHV WKH QHHG IRU PRGHOV 7KH VHOIOHDUQLQJ
&336DJHQWV RIWHQ XSGDWH WKHLU SROLF\ VR WKDW LW DGHTXDWHO\
FRQVLGHUVWKHHQWLUHFKDUDFWHULVWLFVRIWKHSURFHVVWKHSURGXFW
DQGXQGHUO\LQJXQFHUWDLQWLHV
6XEVHTXHQWO\HYHQFRPSOH[SURFHVVHVWKDWDUHGLIILFXOWWR
PRGHO FDQ EH DXWRPDWHG DV QR H[SOLFLW SURJUDPPLQJ LV
QHFHVVDU\)LQDOO\WKHUDPSXSRIDXWRPDWLRQJHWVPRUHVWDEOH
DV &336DJHQWV FDQ EHWWHU FRSH ZLWK XQH[SHFWHG DQG DOVR
XQNQRZQVLWXDWLRQV
$FNQRZOHGJHPHQWV
7KLV FRQWULEXWLRQ LV IXQGHG E\ WKH *HUPDQ 5HVHDUFK
)RXQGDWLRQ')*DVSDUW RI  WKH 5HVHDUFK 7UDLQLQJ *URXS
5DPS8S0DQDJHPHQW±'HYHORSPHQW RI'HFLVLRQ0RGHOV
IRUWKH3URGXFWLRQ5DPS8S7KHSURSRVHGUHVXOWVDUHXVHGLQ
WKH $L) SURMHFW ³$XWRPDWHG DVVHPEO\ RI ODUJHVFDOH SDUWV
XQGHUIORZFRQGLWLRQV±)DVLPB;/´
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